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- For an approximate self - energy { ,

the trivial equation

[ Uh - 3) GE,Gii 2,34
- UG -3-16%4,543+511 = 0

2=7 +

becomes a nontrivial condition on the self - energy :



Sd 3 [ Egli , 3) Gztsilt) - G glad)Egl314 ] = 0
.

• Similar conditions are imposed on E by 1angular ) momentum -

dad energy
- conservation (see 8.3-8.6 and 9.2 in Stefaaucci an v. Leeuwin

↳ Sd 3) dx, [EGG is ) Taggart)
- G
, 11314%1317+1]

= 0 lmomeatum)

↳ Sd 35dm ( × , ✗ [Ega .
})MGg(3,14 - Gg Gift, Ego , it ) ) ) = o ( angularmomentum)

↳ Sd3fda{¥dq[↳HistGiant Grail Eskil]
- [41141%41411+11,41131/46,4]}-0

(energy) .
• The § - functional is a tool to derive self

- energies that manifestly

conserve the constants of motion of the system .



- Basic idea : consider a functional Eta] of the field GF

Gg such that {guy =
S&[Gs]

j,
( functional derivative

- Tf the functional § is symmetric under an infinitesimal
variation SG

, ,
then

0 = f§=Sd1Sd2{guys Gglzii )

( note similarity to conditions on { above)

→ If I obeys symmetries such as charge - , caagular /
momentum - . . . .

conservation
,
the { obtained as its functional derivative also

respects these conservation laws . ( see G. Bayon Phys . Rev. 177,139711964).

↳ Concrete example of charge conservation corresponding to
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↳ similar derivations yield the corresponding conditions on E

for laagularl momentum - and energy
- conservation .



• Physical meaning and form of the E- functional

- Key requirements on § :
lit IT obeys physical conservation laws
Lii ) { is obtained from § by

functional derivative w.at . G

- Observation : Vacuum diagrams of the problem at hand obey lig

as they represent scattering processes ,
and functional

derivatives w.at . G for G- skeleton diagrams yield

irreducible self- energy diagrams

( graphically g{Iµg corresponds- to removing Gail from
the diagram

- Lowest order examples :

00¥ §µ[G]=fd3Sd4 -4613,34 ) fille-411-(6144+1)

(Hartree )
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→ 4+11,4 is indeed the Hartree self - energy up to a factor II.7
Fermi

one Fermi - loop
I
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→ 4=4.4 is the Fook self - energy up
to a prefactor of IÉ.
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↳ Since linear combinations of scattering processes
that individually

preserve symmetries are still symmetric ,
we may

write

§
, ,

=
± II,+±Z&= which Yields É;;¥÷,, = 4*114

with the correct Hartree-Fock self - energy { * e.


